Abstract -A new transform is defined for the class of cocyclic group ring codes over a Galois ring, where the underlying group is Abelian and the cocycle is the Vandermonde-cocycle on the Abelian group. The class of Vandermonde-cocyclic (VC) group ring codes are characterized using this new transform by means of a structure theorem for VC group rings.
* a,l denote the unique cyclic subgroup of order p l − 1 in the group of units GR(p a , l) * . Let G, a finite Abelian group (with |G| = n), be a direct product of r cyclic subgroups denoted by Cr−1, . . . , C0 of orders mr−1, . . . , m0 respectively. Any element g ∈ G can be denoted as gi or g i , where i = ir−1, ir−2, · · · , i0 is the mixed-radix representation of i ∈ In = {0, . . . , n − 1} using mr−1, mr−2, . . . , m0 as the mixed-radixes and the group operation of G can also be specified using the mixedradix addition [2] .
We consider linear codes of length n = mr−1 . . . m1m0 over the Galois ring GR(p a , l) such that gcd(p, n) = 1. We use q for p l for notational simplicity.
, for i = ir−1, ir−2, . . . , i0 and j = jr−1, jr−2, . . . , j0 , is a cocycle. We call this cocycle as Vandermonde-cocycle on an Abelian group. For any cocycle ψ on G, let GR(p a , l) ψ [G] be the twisted group ring which has the same module structure as the group ring GR(p a , l) [G] , but the multiplication is twisted, which is a linear extension of 
ai is the Generalized DFT for Abelian codes [2] and ⊕, denote the mixed-radix addition and subtraction respectively.
Let σ0 denote the Frobenius automorphism of GR(p a , lm) and let σ = σ
n , if and only if σ k (Aj) = Ai where i = ir−1, ir−2, . . . , i0 is such that,
This is the conjugate symmetry property. Let Φ k denote the mapping from In to In, which maps i = ir−1, . . . , i0 to Φ
¯where ej is the smallest integer such that Φ e j (j) = j, is called the cyclotomic coset containing j and, ej is called the exponent of j . Let L ⊆ In be the set containing one element from each of the cyclotomic cosets. The set of transform components b A i = {A j | j ∈ c i } will be called the conjugacy class containing A i . For a code C over GR(p a , l), let C j = {Aj | ∀ a ∈ C} denote the set of distinct values taken by the j-th transform component of all the codewords in C and let C i,j = {(Ai, Aj) | ∀ a ∈ C}. Theorem 1 (Structure theorem) For any integer n = mr−1mr−2 . . . m0 and gcd(p,
, lei) for some fixed value of ηi, 0 ≤ ηi ≤ a and transform components belonging to different conjugacy classes take values independently.
Here, Ai and Aj take values independently implies C i,j = C i × C j . Transform Domain Characterization: A code over Galois ring GR(p a , l) isβ-VC iff the VC-DFT vector of each codeword satisfies the conjugate symmetry property and for any i ∈ In, C i = p η i GR(p a , lei) for some fixed value of ηi, 0 ≤ ηi ≤ a.
